In extensions of the Standard Model with two Higgs doublets, flavour changing Yukawa couplings of the neutral scalars may be present at tree level. In this work we consider the most general scenario in which those flavour changing couplings are absent. We revise the conditions that the Yukawa coupling matrices must obey for such general flavour conservation (gFC), and study the one loop renormalisation group evolution of such conditions in both the quark and lepton sectors. We show that gFC in the leptonic sector is one loop stable under the Renormalization Group Evolution (RGE) and in the quark sector we present some new Cabibbo like solution also one loop stable under RGE. At a phenomenological level, we obtain the regions for the different gFC parameters that are allowed by the existing experimental constraints related to the 125 GeV Higgs.
Introduction
Two Higgs Doublet Models (2HDM) [1] [2] [3] are a simple and popular class of extensions of the Standard Model (SM). Besides the original motivation, in particular the possibility of having spontaneous CP violation [1] , extending the SM scalar sector with a second doublet allows a number of interesting phenomenological consequences. To name a few generic ones: the appearance of new fundamental scalar particles, nonstandard properties of the "quite Higgs-like" scalar discovered at the LHC with a mass of 125 GeV [4, 5] , and, related to them, a number of potential deviations in low energy processes with respect to SM expectations. They have been the focus of intense scrutiny before and after the 2012 discovery . Additional aspects, including dark matter candidates [29, 30] or sources of CP violation in addition to the Cabibbo-KobayashiMaskawa matrix [31] [32] [33] , of interest for baryogenesis [34] [35] [36] , provide further interest in 2HDM.
In the SM, concentrating on quarks, a single Yukawa structure in each sectorup and down -is both responsible for: (i) the generation of mass upon spontaneous breaking of SU (2) L ⊗ U (1) Y into U (1) EM , and (ii) the couplings of the quarks to the only fundamental scalar leftover, the Higgs boson, after associating the three would-be Goldstone bosons to the longitudinal polarizations of the massive Z and W ± gauge bosons. As a consequence, there are no tree level Flavour Changing Neutral Couplings (FCNC) of the Higgs to quarks. With two independent Yukawa structures available in each sector, the situation is dramatically changed in the general 2HDM, and FCNC couplings of quarks do arise at tree level. To which extent they appear in the couplings of the different physical neutral scalars depends then on the details of the scalar potential [37] : if the 125 GeV scalar is a mixture of the true-but-unphysical Higgs and the additional neutral scalars, FCNC "leak" into its couplings through that mixing. At the end of the day, as with many New Physics avenues, the presence of FCNC is a double edged feature: since the competing SM gauge mediated contributions to FCNC processes are loop induced, those transitions pose severe constraints while, on the same grounds, provide immediate opportunities to discover deviations from the SM picture.
The study of different ways to dispense without problematic too large FCNC couplings and the conditions for their appearance or absence, has drawn sustained attention over the years. As analysed in [38, 39] , the absence of FCNC is guaranteed by forcing each right-handed fermion type to couple to one and only one scalar doublet; this absence of FCNC, backed by a Z 2 symmetry, is a popular option, and several implementations of this Natural Flavour Conservation (NFC) idea, namely 2HDM of types I, II, and of types X, Y (when the lepton sector is also considered) have been thoroughly explored. Additional U (1) gauge symmetries have also been considered, for example, in [40, 41] . The general conditions for the absence of FCNC, that is, that the mass matrix and the remaining Yukawa coupling matrix can be diagonalised simultaneously, were identified early [42] [43] [44] [45] . The interplay of how a symmetry requirement could enforce that general NFC and shed some light into the structure of the resulting CKM matrix was addressed in [42, [46] [47] [48] [49] [50] [51] [52] [53] with interesting consequences.
On a different line of thought, stepping back from right out forbiddance, suppression of FCNC in other "natural" manners has also attracted significant interest, including suppression given by masses like in the Cheng-Sher ansätz [54] , suppression obtained from broken/approximate flavour symmetries [55] [56] [57] [58] , and symmetry controlled FCNC scenarios [59] [60] [61] [62] [63] . Among the later, Branco-Grimus-Lavoura (BGL) models are worth mentioning in particular, since this suppression is simply given by products of CKM matrix elements [64, 65] (see also related extensions [66] [67] [68] ). In a more recent popular scenario, the Aligned 2HDM [69] , the absence of FCNC is a priori achieved (and parametrised) with simple requirements on the Yukawa couplings (for an early mention of this kind of possibility, although in the context of real Yukawa couplings and spontaneous CP violation, see also [70] ). The possibility of having effective aligned scenarios has been studied in [71, 72] . Radiative effects and the interplay of tree level FCNC with the Renormalization Group Evolution (RGE) have also been addressed by and large in the literature [9, 49, [73] [74] [75] [76] [77] [78] [79] .
The aim of this work is to explore different facets of scenarios with general flavour conservation (gFC), i.e. generalised flavour alignment, in 2HDM; in other words, analysing relevant aspects of the most general 2HDM scenarios where tree level FCNC are, a priori, absent. An analysis of FCNC induced in this context by the RGE has been recently presented in [80] . On a purely phenomenological basis, a scenario of this type restricted to the lepton sector was also considered in [81, 82] .
The paper is organised as follows. In section 2, we revisit some generalities of 2HDM, fix the notation for the discussion to follow, and recall the most relevant aspects of the conditions leading to gFC. They are then analysed attending to the Renormalization Group Evolution that they obey in section 3, leading to the full set of conditions required to have RGE-stable gFC. The well known type I and type II cases are briefly revisited in section 3.3; section 3.5 is devoted to a particular solution which arises when the CKM matrix is reduced to a single Cabibbo-like mixing. The gFC stability of the lepton sector is discussed in section 3.4. In section 4, we discuss the most relevant experimental constraints on gFC arising from flavour conserving Higgs-related observables, leading to the analysis and results of section 4.4. Appendix A provides details omitted in the discussion of section 3.
Yukawa Couplings and General Flavour Conservation
The Higgs doublets (j = 1, 2) of 2HDM are
where v j , θ j are real numbers, ρ j , η j , are neutral (hermitian) fields and ϕ ± j are charged fields. Equation (1) anticipates the assumption that the scalar potential V (Φ 1 , Φ 2 ) [2, 3] is such that V ( Φ 1 , Φ 2 ) has an appropriate minimum at
In the "Higgs basis" [7, 37, 83] , only one linear combination of Φ 1 and Φ 2 , H 1 , has a non-vanishing vacuum expectation value,
The expansion of H 1 , H 2 around that minimum of the potential reads
where
The would-be Goldstone bosons G 0 and G ± provide the longitudinal degrees of freedom of the Z and W ± gauge bosons; furthermore, while H ± is already a physical charged scalar field, the physical neutral scalars {h, H, A} are real linear combinations
with [R [3] ( α)] a real orthogonal rotation described by three real mixing angles, α = {α 12 , α 13 ,
When there is no CP violation in the scalar potential, i.e. no mixing connecting the CP-even H 0 , R 0 , and the CP-odd I 0 , it is customary to introduce the mixing angle α
where s βα = sin(α + β) and c βα = cos(α + β) (that is, α 13 = α 23 = 0 and α 12 = π/2 − (α + β) in Eq. (8)). Since a ± sign can be included in the definition of the scalar fields without changing their kinetic terms, different conventions for Eqs. (8)- (9) are used in the literature, which may be relevant when comparing expressions.
Quark Yukawa Couplings in 2HDM
The Yukawa couplings of the quarks -
with mass terms L 
The mass matrices are
and the second linear combinations of Yukawa matrices which encode the potential FCNC are
For the usual bi-diagonalisation of the mass matrices M 0 d , M 0 u , the quark mass eigenstates (without "0" superscript) read
with
The CKM matrix is [3] 
are the hermitian and anti-hermitian combinations of N q and N † q . With no CP violation in the scalar sector,
and Eq. (25) reduces to
Lepton Yukawa Couplings in 2HDM
The Yukawa couplings of the lepton SU (2) L doublets L 0 L and singlets 0 R with the scalar doublets are
where, similarly to the quark sector in the previous section,
The mass eigenstates, without "0" superscript, correspond to
and
Notice that we do not include right-handed neutrinos ν 0 R and thus, unlike in the quark sector, there is only one set of Yukawa coupling matrices and we work in the massless neutrino approximation. The leptonic analogs of the Yukawa couplings in Eqs. (24)- (25) are
General Flavour Conservation
with α, β, γ, δ = 1, 2. In that case, {Γ 1 , Γ 2 } are simultaneously bi-diagonalised, and
A crucial corollary to these necessary and sufficient conditions is the fact that the simultaneous diagonalisability is intrinsic to the Yukawa coupling matrices themselves, independently of the spontaneous symmetry breaking vacuum characterised by the VEVs v 1 , v 2 . In other words, the property is independent of β in Eqs. (17), (18); the simultaneous bi-diagonalisability of {M α Π β } must be abelian in order to have gFC, and the previous corollary applies equally to them. A very relevant consequence follows [42, [46] [47] [48] [49] [50] [51] [52] [53] : if gFC is due to the Lagrangian in Eq. (10) being invariant under a (symmetry) transformation of quarks and scalars, the CKM mixing matrix cannot be related to the values of the masses; for example, predictions being made at the time (late 70's) 4 for the Cabibbo angle, like tan θ c = m d /m s [84, 85] , could not lead simultaneously to gFC. Moreover, the resulting mixings are unrealistic (for example, no mixing or a permutation times a complex phase) and radiative corrections cannot be invoked to yield realistic mixings [49] . The most general parameterisation of tree level couplings of fermions to scalars obeying gFC is, quite trivially, (38) which we use in the rest of the paper: in section 3 for the study of the renormalization group evolution and in section 4 for a phenomenological analysis. Notice that, while for the flavour changing couplings the simultaneous presence of scalar and pseudoscalar terms in fermion-scalar Yukawa interactions is not necessarily CP violating, in the diagonal, flavour conserving ones, on the contrary, it is CP violating (see for example [86] ). With the flavour conserving matrices N f in Eq. (38) , the hermitian and antihermitian couplings in Eqs. (28) and (34) 
Renormalization Group Evolution and Flavour Conservation 3.1 Evolution of the Quark Yukawa Coupling Matrices
The one loop evolution of the Yukawa couplings under the renormalization group [75] [76] [77] 87] is (with D ≡ 16π
and µ the energy scale):
with g s , g, g the gauge coupling constants of
Eqs. (39)- (40) read
under the assumption that Eq. (37) holds. With that objective in mind, some simplifications are worth mentioning. Starting with Γ α Γ † β , we first notice that
The relevant property of the decomposition in Eq. (46) is that f
αβ depends only 6 , in terms of matrices, on ΓΓ † and ΓΓ † ΓΓ † terms, while g
αβ collects the remaining dependence on ∆'s, which has terms ΓΓ † ∆∆ † and ∆∆ † ΓΓ † . Then,
Evolution with gFC Matrices
It is clear that, if there is gFC, i.e. with Eq. (37),
and thus
After the simplication brought by Eq. (50), the next step is to trade Eq. (51) for conditions expressed in terms of the physical parameters entering in the matrices M 
which allows us to rewrite Eqs. (17)- (18) compactly (with summation over repeated indices understood): αβ will appear in D(Γ † α Γ β ), and f
α,ρ do depend on ∆ α 's, there is no matrix depence, only C numbers; this also applies to the leptonic Yukawa couplings Π α .
For completeness, notice that
i.e. the Hermitian conjugate † (in the space of flavour indices) only gives a complex conjugate in W. One can then write
With gFC, the first commutator vanishes, and we just have a linear combination
and express the right-hand side of Eq. (58) in terms of
As expected from the discussion in section 2.3, having a gFC scenario is related to the Yukawa coupling matrices themselves, it does not hinge on the particular EW vacuum configuration that determines which particular combinations of them are the mass matrices M (59)). The last step is to transform into the mass eigenstate basis with
U d L appears together with the diagonal matrices
In this generic notation -Eq. (52) -,
The previous derivation concerns the set {Γ α Γ † β }; the evolution equations for
In order to have a gFC scenario stable under the one loop RGE, one needs that the simultaneous diagonalisability of {Y
With Eqs. (60)- (62), the conditions expressed by the matrix equations in (63) are formulated in full generality, for fixed mass matrices M d , M u , and CKM mixings V , in terms of the 6 complex parameters n j in Eq. (38) . For example, element (a, b) of the first stability condition in Eq. (63),
The complete set of conditions is given in appendix A. For each set in Eq. (63) there are six choices of i, j, k, l = 1, 2, in 2HDM, which give, at least, 3 independent complex equations each. It is clear that, in terms of the 6 complex parameters n j , the system is largely overconstrained. In section 3.3 below, we check that the known stable solutions with N f ∝ M f are recovered. It is however beyond the scope of this work to address if other solutions could a priori exist for the general one loop RGE stability conditions of gFC. The lepton sector is discussed in section 3.4. Finally, in section 3.5, we present some particular solutions which arise when the CKM matrix reduces to a Cabibbo-like block diagonal mixing.
Stable gFC with
When one substitutes N q = α q M q , α q ∈ C, in the conditions for one loop RGE stability of gFC given in appendix A, solving them for α u , α d , reduces to finding solutions of
that is α u = −α
In both cases, there is a basis for the scalars [77] 
Stable gFC in the Lepton Sector
The one loop RGE of the lepton Yukawa couplings in Eq. (29) reads [87, 88] 
where a = − 9 4
The crucial difference in the leptonic sector is that, following Eq. (68),
and thus it is clear that, if
Similarly,
T can be directly traced back to the absence of right-handed neutrinos and Yukawa couplings involving them in Eq. (29) , in clear contrast with the quark sector. This result represents a generalization of previous results restricted to the so called aligned case and pointed out in [79] , in agreement with the findings of [82, 89] : at one loop level the charged lepton sector remains general Flavour Conserving in full generality without any additional constraint. To be specific and going to the simplest aligned cases, type I, II, X and Y models are defined in the quark sector by
The fact that the leptonic sector alignment was known to be stable under RGE implies that one could analyse the experimental data with previous equation together with the more general leptonic structure (Π 2 = ξ e −iθ Π 1 )
in the framework of a model one loop stable under RGE. This would include in a single analysis both type I and X or type II and Y. Note that with the appropriate limits ξ → 0 or ξ → ∞ one recovers the four models. Equation (72) 
Stable gFC with Cabibbo-like mixing
The CKM matrix has a hierarchical structure; keeping only the largest mixing, it has the form
with θ c 0.22 the Cabibbo mixing angle. It is interesting to analyse the question of one loop RGE stability of gFC conditions with V → V θc in Eq. (75) . First, it is interesting on its own to know if this simplified mixing allows for some stable gFC scenario; second, if that is the case, in terms of those N q matrices, the deviations of gFC produced by the RGE would be controlled by the initial deviations of the complete CKM matrix from V θc , the subleading mixings. One should first notice that, since V θc decouples the third quark generation, n b and n t are expected to remain free parameters. Then, since the only remaining stability conditions concern elements (a, b) = (1, 2) or (2, 1), all the mixing combinations V * qa V qb , V aq V * bq equal either cos θ c sin θ c or − cos θ c sin θ c , and thus the dependence of the stability conditions on θ c disappears. Two classes of stable gFC scenarios follow from the discussion in section 3.3. The first, with
corresponds to a type I 2HDM for the first two generations, while n b and n t are free (and thus M −1 q N q = α q 1). Some particular limit -the extreme chiral limit -of Eq. (76) was already obtained in [79] to justify V 1. The second is
which corresponds instead to a type II 2HDM for the first two generations (with free n b , n t and M
−1
q N q = α q 1 too). In addition to Eqs. (76)- (77), one can check that
with arbitrary real ϕ d , ϕ u (and again, arbitrary complex n b and n t ), gives indeed another stable gFC scenario where N q and M q are not even proportional in the first two generations sector.
Phenomenology

General considerations
The Yukawa interactions in Eqs. (25) or (28), together with the absence of tree level FCNC parameterised in Eq. (38) , have interesting phenomenological consequences in different observables, since they may produce deviations from SM expectations. Those windows on New Physics in different observables are, of course, related: they are controlled by the parameters n j in Eq. (38) , by the values of the masses m H ± , m H , m A , and by the mixings in the scalar sector, R ij in Eq. (25) . In the following we consider for simplicity the CP conserving case in Eq. (27) . Our interest lies on the parameters n j in Eq. (38) . Among the observables of interest, those that (i) involve the lowest number of new non-SM parameters and (ii) provide direct constraints from existing measurements, are the following.
• Observables probing the couplings of the 125 GeV Higgs-like scalar, that we identify with h, that is (i) production mechanisms and (ii) decay modes. In addition to the n j parameters, they involve one extra parameter, the mixing c βα if there is no CP violation in the scalar sector; in the general case, two independent mixings are involved.
• Observables probing the couplings of the charged scalar H ± , in particular effects of H ± in flavour changing processes where the SM contributions involve virtual W ± exchange like (i) tree level decays, modifying for example the expected universality of weak interactions, and (ii) one loop FCNC processes like neutral meson mixings and rare decays. These observables, besides the n j parameters, depend on the mass m H ± (and no dependence on the neutral scalar mixings).
We concentrate in the rest of this work on the flavour conserving observables related to h: besides probing the gFC matrices in Eq. (38) , the bounds they impose also apply to the same flavour conserving couplings of a general 2HDM.
Before addressing the different constraints related to experiment, one can formulate a first theoretical requirement on the perturbativity of the Yukawa couplings:
The precise value adopted in Eq. (79), for example O(1) → 1 or √ 4π, is not expected to be specially relevant: other phenomenological requirements will be, typically, more restrictive. There is, however, an exception: the "decoupling limit" [90] of the 2HDM, in which s βα → 1 (c βα → 0) removes the non-SM effects from the h couplings (while m H ± v suppresses H ± mediated non-SM effects), leaving the perturbativity requirement as the only effective constraint. One may further argue that having either m j |n j | or m j |n j |, involves fine tuning between quantities of very different nature: both m j and n j are linear combinations, controlled by β, of Yukawa couplings (times v), but β originates in the scalar potential, meaning that very disparate values of m j and n j involve significant cancellations in one or the other, unless β → 0 or β → π/2. For the sake of clarity, we will only consider Eq. (79) and ignore the previous concerns about eventual fine tuning.
Production and decay of h
For the observables related to h, one should consider constraints on n j and c βα arising from h production and decay processes at the LHC [91] . In connection to them, additional attention should be paid to the decays of h into light fermions since enhanced decays into light fermions can increase the total width and modify the precise SM pattern of branching ratios. The cross sections for direct→ h production is also important, since large couplings of h to light quarks, in combination with the luminosities given by the parton distribution functions, could significantly increase them. Before addressing the Yukawa couplings themselves, we recall that, owing to the mixing in the scalar sector, the couplings hV V (V = W, Z) are modified with respect to the SM as hV V,
These couplings are involved in vector boson fusion (VBF) and associated production mechanisms, and in decays h → V V * . For the different couplings to fermions L hf f = −hf (a f + ib f γ 5 )f in Eq. (28), we have a scalar term a f , straightforward to compare with the SM one,
and a pseudoscalar term b f absent in the SM,
We now discuss in turn decay and production processes.
Decays of h
The decay width h →f f , for a generic Yukawa interaction L hf f = −hf (a f + ib f γ 5 )f , is, at tree level,
with N c = 3 for quarks and N c = 1 for leptons; neglecting 4m
With Eqs. (81)- (82),
The decay h → γγ, central in the discovery of the Higgs, has an amplitude controlled in the SM by two interfering contributions, the one loop triangle diagrams with virtual W 's and top quarks. The former is modified according to Eq. (80). The later is the only relevant one involving quarks in the SM because of the large htt coupling: m t /v; this amplitude is modified according to Eq. (81). With a pseudoscalar coupling now present, Eq. (82), there is an additional contribution which, however, does not interfere with the SM-like top(scalar coupling)+W . Furthermore, there are other contributions that one may consider: one due to diagrams with virtual H ± 's, and the ones due to other fermions with enhanced couplings to h due to sizable n j . For the charged scalar, they cannot be neglected if H ± is relatively light, and thus, barring that possibility, we do not consider them. For the remaining fermions, the values of c βα that h W W decay and production require are typically small (|c βα | ≤ 0.1), and thus the values of n j that one would need for their contributions to be relevant would be at least n j ∼ m t : they would produce huge contributions to the width Γ(h) or toqq → h production cross sections (see the discussion in section 4.2.2), in addition to the perturbativity and fine tuning concerns on the Yukawa couplings already mentioned: we thus ignore them altogether, since they will be rendered negligible once other constraints are considered. The width of h → γγ reads
The sum over fermions f includes up and down type quarks, with Q f = 2/3 and −1/3 respectively, and charged leptons with Q f = −1. The contribution of the charged scalar H ± corresponds to an interaction
on the details of the scalar potential that we do not address since this contribution can be safely neglected for m H ± > v. The decay into gluons h → gg proceeds through similar diagrams, with the ones mediated by leptons and by W and H ± bosons absent:
The couplings a f and b f in Eqs. (86)- (87) appear divided by fermion mass m f since the A F andÂ F functions are defined including the mass factor of the SM hf f vertex. The loop functions are [92] A F (x) = −2x
The dominant contribution in h → γγ comes from A V (x W ) = −8.339. Other representative values of the functions are shown in Table 1 . It is important to stress that, while QCD corrections to Eq. (86) are small, that is not the case for Eq. (87) (see for example [93] ): we account for them by using [94] [95] [96] [97] are reproduced in Table 2 . Table 2 : Reference SM Higgs decay branching ratios for m h = 125 GeV; the total width is Γ(h) = 4.1 MeV.
Production of h
In addition to the decay widths, production mechanisms are also modified. Besides VBF and associated production, already commented ( Eq. (80)), the most relevant one is gluon-gluon fusion (ggF) gg → h [99] . The elementary process is the reverse of the decay h → gg, which is then convoluted with the gluon distribution functions in the proton (in the narrow width approximation production and decay are related straightforwardly). As in the case of the decay, Eq. (90), we incorporate QCD corrections by normalizing the SM prediction to the reference value in Table 3 , which shows reference cross sections for different production mechanisms [94] [95] [96] [97] . Table 3 : Reference SM production cross sections for m h = 125 GeV (in pb).
We now turn to the directqq → h production mechanism shown in Figure 1 . The motivation to consider this production mechanism is that, when |n q | m q , the corresponding cross section may become inappropriately large; one is considering light quarks q = t, b. Sensitivity to enhanced Yukawa couplings of light quarks at the LHC has also been discussed, for example, in [100] [101] [102] [103] .
For a generic Yukawa interaction L hqq = −hq(a q + ib q γ 5 )q, the tree level cross section for direct production pp(qq) → h is, in the narrow width approximation,
where Table 4 we collect the values of σ[pp(qq) → h] and Lcomputed [104] for different quarks 7 and setting |a q | 2 + |b q | 2 = 1 in Eq. (91): this value of the couplings is obviously too large since it effectively corresponds, with respect to the SM, to the change m j /v → v/v, but it allows for easy use. Consider, for illustration, that for the LHC at 8 TeV 
Although considering σ[pp(ūu) → h] ∼ 10 pb may be unrealistic (the total production cross section in Table 3 for 8 TeV is ∼ 22 pb), from Eq. (93), Γ(h → uū) ∼ 1 MeV: even if it is a significant contribution to the width Γ(h), it might still be compatible with the overall pattern of Higgs signal strengths. To the knowledge of the authors, there are no dedicated analyses ofqq → h (q = b, t) from which experimental input can be used in this manner. However, it is reasonable to expect that this kind of production potentially "contaminates" the analyses of gluon-gluon fusion: in that case, one should add all σ[pp(qq) → h] contributions for light q to the gluon-gluon fusion cross section when analysing Higgs signal strengths. It is then clear that bounds more stringent than Eq. (93) would follow for the sum over all the different channels involved. The simple connection among the decays h →qq and theqq → h production mechanismin the narrow width approximation -that follows from Eqs. (85) and (91), is
which allows for easy comparison of the relative strengths of the constraints imposed byqq → h production and h →qq decay for light quarks q.
Constraints
The main source of experimental constraints that we use is the combined analysis of LHC-Run I data from the ATLAS and CMS collaborations in [91] , which provides detailed information on (production) × (decay) of the 125 GeV Higgs h for
• production: ggF, VBF, associated W h, Zh, and tth;
• decay: h → γγ, ZZ, W W , ττ and bb.
Results from LHC-Run II in specific channels like (associated V h) × (h → bb) [105, 106] , or (ggF+VBF) × (h → ττ ) [107] are starting to improve over [91] . One should also consider off-shell (ggF+VBF)→ h ( * ) → W W ( * ) constraints on the total width Γ(h) [108] , even if they are still weak [109, 110] . Finally, dedicated studies like [111, 112] put useful bounds on h → µ + µ − , e + e − .
Electric dipole moments
As discussed at the end of section 2, non-real N f matrices are a source of CP violation in scalar-fermion interactions, which can induce electric dipole moments (EDMs). Consider for example an electron-Higgs coupling L hee = −hē(a e +ib e γ 5 )e; the one loop diagram in Figure 2 gives a contribution to the electron EDM d e :
It is to be noticed that, for a e ∼ b e ∼ m e /v, Eq. (95) gives d e ∼ 10 −34 e·cm. When |a e |, |b e | m e /v are a priori allowed, up to the effect of other constraints, a significant enhancement in d e can be expected. For current experimental bounds |d e | < 10 −27 e ·cm, considering only this contribution gives
or, with Eqs. (81)- (82) and neglecting m e with respect to c βα n e , c 2 βα Re(n e )Im(n e ) < 5 GeV 2 .
Anticipating results from section 4.4, in particular Figure 4 (g), it is clear that the bounds imposed by the LHC results are more stringent than Eq. (97) . It should also be noticed that including contributions analog to Figure 2 with h → H, A, gives
and does not change this conclusion. Furthermore, one loop contributions with virtual H ± and neutrinos are suppressed. It is well known that two loop "Barr-Zee" [113] [114] [115] [116] [117] [118] contributions can be signifi- cant: studies such as [119, 120] address such constraints on CP violating Higgs-fermion couplings. However, those contributions involve different n f couplings simultaneously, together with the masses of the different scalars, preventing a simple translation into bounds on a single parameter. It is to be noticed too that cancellations among different diagrams in that class may occur [67, 121] . Including such kind of analysis is beyond the scope of this work; in any case one should keep in mind that the analysis of EDMs may have some impact on the results of section 4.4. The previous discussion also applies to the EDMs of the u and d quarks and the experimental constraints that the neutron EDM bounds impose, including, in addition, the impact of QCD effects [122] .
Analysis
With the deviations with respect to the SM of the couplings of h and their implications for decays and production mechanisms, one can impose the experimental constraints of section 4.2.3 and explore the allowed values of c βα and the gFC parameters n f in Eq. (38) . For the results presented in the following we consider the most conservative situation, i.e. all parameters are free to vary simultaneously. Compared to restricted situations where not all parameters are considered simultaneously, this offers a safer interpretation of excluded regions (they are excluded whatever the values of the parameters not displayed) at the price, of course, of larger allowed regions. Figure 3 shows n f vs. c βα for all quarks and leptons. Some comments are in order.
• As expected, for c βα → 0, the constraints on n f disappear.
• For u, c, d and s quarks, the allowed regions are almost identical, as one could anticipate from their irrelevant role, within the SM, in the available production × decay Higgs signal strengths. The corresponding n f 's appear to be effectively limited by the contributions to the Higgs width.
• Surprisingly, the allowed size of |n t | appears to be independent of c βα : this will be discussed in connection with Fig. 4(c) below. • The n b and n τ cases are also similar, with allowed regions differing from the u, c, d, s cases for |n q |'s below 10-15 GeV and not small c βα .
• For n e and n µ , the allowed regions are much more constrained owing to the bounds set by dedicated pp → h → e + e − , µ + µ − analyses such as [111, 112] .
Although Fig. 3 shows absolute bounds on |n f |'s, it does not give information on arg(n f )'s and cannot be directly read in terms of the scalar and pseudoscalar couplings of h in Eqs. (81)- (82) . Considering that, Figure 4 showsb f vsā f with
Furthermore, to maintain some information on c βα , allowed regions corresponding to |c βα | < 0.01, to 0.01 < |c βα | < 0.1 and to 0.1 < |c βα | are displayed. One can notice that
• for the first and second fermion generations, there is no dependence on arg(n f ), since only decays, with rates proportional to |ā f | 2 + |b f | 2 , are relevant. For quarks, the allowed region for |c βα | < 0.01 is smaller: this is simply due to the perturbativity requirement in Eq. (79).
• For the top quark, two separate regions are allowed: this is also expected since independent sign changes in bothā t andb t (together with sign changes in c βα , s βα ) do not alter the predictions. For |c βα | < 0.01 the allowed regions are quite reduced and placed around (ā t ,b t ) = (±m t , 0); with 0.01 < |c βα | < 0.1 their size increases and only for |c βα | > 0.1 the interplay of (i) pseudoscalar contributions to gg → h and h → γγ, and (ii) W -top(scalar) interference in h → γγ gives rise to larger regions.
• For b and τ , the regions for not too small mixing, |c βα | > 0.01, are ring-shaped; m b and m τ set the radii of such regions, as could be expected from the agreement of h → bb and h → ττ signal strengths with SM expectations. For small mixing, |c βα | < 0.01, the perturbativity requirement on |n b |, |n τ | limits the allowed departure from (ā f ,b f ) = (±m f , 0), giving in fact, for the b case, two disjoint patches.
To close this section we recall the discussion onqq → h production in section 4.2.2: as commented there, values of n f in agreement with the SM-like Higgs signal strengths could potentially give production cross sections not far from the dominating SM ones. Figure 5 shows , even if there is room for an overall→ h cross section which is quite sizable, not far from the complete SM Higgs production cross section. Furthermore, when σ[qqh] is added to the ggF production cross section, the agreement with the observed Higgs signal strengths allows for a smaller amount of→ h, and, for sizable→ h, it is achieved at the cost of (i) reducing the ggF production cross section and (ii) increasing the total width Γ(h), as the shape of the allowed regions in Figures 3 and 4 , the bounds on the the differentā f ,b f do not differ in both analyses. It should be finally mentioned that, in connection with the previous comments and the size of σ[pp(qq) → h], it might be interesting to analyse, for the remaining neutral scalars H and A, the cross sections for pp(qq) → H, A at the LHC. 
Conclusions
In this paper we analyse the question of general Flavour Conservation in extensions of the SM with additional scalar doublets, in particular the 2HDM. The effect of the one loop Renomalization Group Evolution of the Yukawa coupling matrices on gFC scenarios is discussed in detail. In particular it is to be stressed that in the absence of Yukawa couplings with right-handed neutrinos, gFC in the lepton sector is stable. For the quark sector, some one loop RGE stable scenarios are discussed, including the case of a Cabibbo-like quark mixing matrix. At a phenomenological level, we discuss the constraints that existing data on flavour conserving processes, in particular the ones related to the Higgs, impose on the parameters describing gFC in the different fermion sectors, including a detailed numerical analysis of that parameter space. Direct→ h production is also considered in detail: although it is completely negligible in the SM, that might not be the case in scenarios such as 2HDM, and it may even be relevant for the production of the additional non-SM neutral scalars.
A RGE details
The analysis of the RGE of the quark Yukawa couplings and the stability of the gFC scenario in Eq. (38) has been presented in detail for the set {Γ α Γ † β } in section 3.1 and 3.2. We reproduce in this appendix the equations relevant for {Γ α Γ † β } and also for {Γ † α Γ β }, {∆ α ∆ † β } and {∆ † α ∆ β }, omitted for conciseness in section 3. In correspondence with Eqs. (46), (47) and (48),
The RGE of the commutation relations of Eq. (37) reads
γδ (Γ, ∆) ,
which, following the discussion in section 3.2, lead to (summation over h = 1, 2 understood) 
and The formal generalisation of the conditions in this appendix and in section 3 to the case of models with n Higgs doublets instead of 2 is almost straightforward.
